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(54) Cell and module battery of sealed nickel-metal hydride storage battery 



(57) A cell for sealed nickel-metal hydride storage 
battery having a high energy density and a long cycle 
life is disclosed. It comprises a battery casing made of a 
synthetic resin which accommodates a power-generat- 
ing unit including a hydrogen storage alloy negative 
electrode whose hydrogen equilibrium pressure is 0.01 
- 0.1 MPa at 45°C, when H/M = 0.5 . and a lid for seal- 
ing an open end of the casing provided with a safety 
vent whose operation pressure is 0.2 - 0.8 MPa. A pres- 
sure-resistant strength of the battery casing is in a 
range of 0.7 - 2.0 MPa and set higher than the operation 
pressure of the safety vent by 0.5 MPa or more. 
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Description 

BACKGROUNDS OF THE INVENTION 
5 1 . Field of the Invention 

The present invention relates to a module battery of sealed nickel- metal hydride storage battery using a battery 
casing made of a synthetic resin and a cell for making up the module battery. 

w 2. Description of the Prior Art 

Recently, environmental destruction in global scale is rapidly progressing, and exhaust gas from gasoline engine 
automobiles is taken up as one of the causative factors for it. In order to cope with this problem, development of electric 
vehicles is progressed rapidly, but this largely depends on the development of the batteries as the power supply sources 

75 for driving the electric vehicles. 

As a battery for driving thes e electric vehicles, there is an ever-increasing demand for the development of the 
nicker^metal hydride storage batteries. The niCkeWnetal hydride storage batteries have a large energy output, a high 
energy density and a long service life as compared with the conventional lead-acid storage battery, and contain no envi- 
ronment-polluting substance such as cadmium as in the nickel-cadmium storage batteries. 

20 The nickel-metal hydride storage batteries are however requires a sealing technique for withstanding a high pres- 
sure, because the casing of these batteries is originally under high pressure brought by hydrogen which is one of the 
fundamental reactive substances. In the prior art cylindrical nickel-metal hydride storage battery of small size, a metal 
casing having a high pressure-resistant performance is used, and the metal casing is sealed by caulking to obtain a 
gas-tight sealing of the battery casing. Meanwhile, in the prior art rectangular nickel-metal hydride storage battery of 

25 small size, the metal casing is welded by means of a laser to obtain a sealed state. 

These prior art nickel-metal hydride storage batteries are small in size and thus it is possible to rely on the prior art 
technology for obtaining a pressure-resistant structure of the casing for the batteries. In the large-sized batteries as 
those employed in the above-mentioned applications to the electric vehicles for instance, it is disadvantageous to 
employ a metal casing in view of its heavy weight, low energy density and high manufacturing cost. There is still another 

30 unsolved problem, that is, safety against possible collision, which is the most serious problem for the battery as the 
mobile power supply source. Thus, there is a strong demand for a low cost and safe casing made of a resin. 

The prior art resin casings have been designed in general for a lead-acid storage battery completely free from a 
high pressure inside the casing. The prior art casings, therefore, have not been such a structure that takes into account 
a high pressure state encountered during charging and discharging cycles of the nickel- metal hydride storage battery. 

35 If such prior art casing is employed in the nickel-metal hydride storage battery, the pressure inside the casing rises 
by the oxygen gas generated from the positive electrode at the time of overcharging to expand the casing, which some- 
times results in rapture or explosion of the casing by the pressure. Besides, the conventional safety valve has a problem 
such that egress of the generated gas outside the casing causes a decrease in water contained in the electrolyte, which 
finally results in firing of the battery, because it is not designed in consideration of the maintenance of high pressure as 

40 mentioned previously. 

SUMMARY OF THE INVENTION 

In view of the above-mentioned problems, the primary object of the present invention is to provide a sealed nickel - 
45 metal hydride storage battery having a high energy density and a long cycle life by maintaining a suitable state of inner 
pressure and a high utilization of active materials. 

Another object of the present invention is to provide a light weight and low cost sealed nickel-metal hydride storage 
battery which can efficiently dissipate the heat generated in the battery at the time of charging and discharging out of 
the battery system. 

so It is a still other object of the present invention to provide a safe sealed nickel-metal hydride storage battery which 
can be used as a large size mobile power supply source for driving an electric vehicle. 

The present invention provides a cell for sealed nickel-metal hydride storage battery comprising: 

a vessel made of a synthetic resin which accommodates a power-generating unit including; 
55 a negative electrode composed mainly of hydrogen storage alloy, 
a positive electrode composed mainly of a nickel oxide, 
a separator placed between both electrodes, and 
an alkaline electrolyte; 

a lid for sealing an open end of the above-mentioned battery vessel, and 



2 



EP 0 776 057 A1 



a resettable safety vent provided on the lid; wherein, 

a hydrogen equilibrium pressure erf the above-mentioned hydrogen storage alloy is 0.01 - 0.1 MPa at 45°C, when 
the atomic ratio of the absorbed hydrogen to the alloy H/M is 0.5, 
an operation pressure of the above-mentioned safety vent is 0.2 - 0.8 MPa, and 
5 a pressure-resistant strength of the battery casing configured with the above-mentioned vessel and lid is in a range 

of 0.7 - 2.0 MPa and set higher than the operation pressure of the safety valve by 0.5 MPa or more. 4/10 The 
present invention also provides a module battery having a plurality of cells tor seaJed nickel-metal hydride storage 
battery comprising: 

a vessel having a plurality of cells made of a synthetic resin which accommodates a power-generating unit includ- 
10 ing; 

a negative electrode composed mainly of hydrogen storage alloy, 
a positive electrode composed mainly of a nickel oxide, 
a separator placed between both electrodes, and 
an alkaline electrolyte; 

75 a plurality of lids each sealing respective open ends of the cells in the above-mentioned vessel, and 
a plurality of resettable safety vents provided on the respective lids; wherein, 

a hydrogen equilibrium pressure of the above-mentioned hydrogen storage alloy is 0.01 - 0.1 MPa at 45°C, when 
the atomic ratio of the absorbed hydrogen to the alloy H/M is 0.5. 
an operation pressure of the above-mentioned safety valve is 0.2 - 0.8 MPa, and 
20 a pressure-resistant strength of the battery casing configured with the above-mentioned vessel and lid is in a range 
of 0.7 - 2.0 MPa and set higher than the operation pressure of the safety vent by 0.5 MPa or more. 

A module battery for a sealed nickel-metal hydride storage battery in accordance with the present invention is con- 
figured by stacking 5 - 40 of the above-mentioned cells in one direction and by electrically connecting them each other, 
25 wherein the above-mentioned cells are tightly bound in a direction of stacking with binding members which connect end 
plates provided on both ends of the stacked assembly, and spaces for allowing air flow between the neighboring cells 
are formed by a plurality of parallel ribs formed in butted relation with each other on the outer surfaces of the side wall 
of the above-mentioned battery casing in the direction of stacking. 

In the above-mentioned configuration, a theoretical discharge capacity ratio of the negative electrode to the positive 
30 electrode is preferably from 1 .2 to 2.0. 

It is further preferable that the amount of the electrolyte is from 1.3 cm 3 to 2.8 cm 3 per 1 Ah of the theoretical dis- 
charge capacity of the positive electrode. 

It is also preferable that the electrolyte is made up of two components of potassium hydroxide and lithium hydrox- 
ide, or three components of sod urn hydroxide and the above-mentioned two components, and its density is from 1 .2 
35 g/cm 3 to 1 .4 g/cm 3 . 

It is suitable that the vessel and the lid are made of a synthetic resin having a bending elastic modulus of from 
14,000 kg/cm 2 to 28.000 kg/cm 2 . 

The vessel of the cells for making up the module battery by stacking the cells is preferably to have a thickness of 
from 1 mm to 3 mm for the side wall of the above-mentioned vessel, and the above-mentioned ribs are preferably to 
40 have a rib height of from 1 mm to 2 mm, a rib interval of from 1 0 mm to 1 5 mm and a rib width of from 3 to 10 mm. 

In the sealed nickel-metal hydride storage battery in accordance with the present invention configured as afore- 
mentioned, as the proportion of the hydrogen partial pressure occupying the battery internal pressure is appropriately 
adjusted, the battery is free from such a possibility of effecting a hydrogen-releasing reaction as a competitive reaction 
with the normal charging and discharging reactions at the time of overcharging. It is also free from such a probability of 
45 a shortage of the hydrogen gas necessary for returning the oxygen gas generated from the positive electrode to water. 
Therefore, the battery internal pressure is suitably kept without disturbance of the regeneration of the active material by 
the charging, thereby to maintain the level of the utilization high. 

In addition, since the operation pressure of the safety vent is set higher than the maximum battery internal pres- 
sure, the battery is free from such an inconvenience that the safety vent is allowed to actuate during the terminating 
so period of the charging operation to cause a decrease of the electrolyte, as a result of which there occur a decrease in 
the discharge capacity of the cell and firing inside the battery. 

Further, since the relationship between the operation pressure of the safety vent and the pressure-resistant 
strength of the battery casing is set to be appropriate, the battery is free from such a phenomenon that a space is cre- 
ated between the electrode group and the casing by the expansion of the casing, thereby to make it difficult to dissipate 
55 the heat generated inside the cell out. 

In addition, a module battery in accordance with the above-mentioned configuration includes a plurality of the cells 
stacked and bound securely in the stacking direction by binding members which connect end plates provided on both 
ends with each other, and the individual cells are arranged in butted relation with each other by a plurality of parallel ribs 
formed on the outer surface of the battery casing in the stacking direction, which ensures spaces allowing air flow 
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between the cells. Therefore, the heat dissipation is properly effected. 

Further, by appropriately selecting the bending elastic modulus of the material constituting the battery casing and 
the thickness thereof, and suitably arranging the ribs, it is possible to make the battery casing to withstand the binding 
force of the binding members and the end plates and the expansion of the electrode group, and to effectively perform 
5 the heat dissipation through the side wall of the battery casing. 

As has been described previously and will be apparent from the following description on the preferred embodiment, 
according to the present invention, it is possible to obtain a sealed nickel-metal hydride battery having a high safety, a 
large energy density, and a long cycle life. The sealed nickel-metal hydride storage battery can hold an appropriate bat- 
tery internal pressure, and thus is free from a deformation or a breakage of the battery casing, a decrease in the dis- 
io charge capacity and a fire catching during the repeated charging and discharging operations and a long-term service. 

In addition to this, according to the present invention, it is also possible to provide a medium-sized or a large-sized 
sealed nickel-metal hydride storage battery system having a superior reliability. 

While novel features of the present invention are set forth in the precedings. the invention, both as to organization 
and content, can be further understood and appreciated, along with other objects and features thereof, from the follow- 
15 ing detailed description on the preferred embodiment and examples thereof when taken in conjunction with the attached 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 FIG.1 is a partially-cutout perspective view of a cell of a sealed nickel-metal hydride storage battery in accordance 
with an embodiment of the present invention. 

FIG.2 is a perspective view showing a module battery in the embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 

In the following paragraphs, preferred configurations of the module battery of the sealed nickel -metal hydride stor- 
age battery and the cells making up the module battery will be described with reference to the accompanying drawings. 

As shown in FIG. 1 , a cell 1 0 includes a rectangular battery casing made of a synthetic resin such as polypropylene 
accommodating an electrode group 1 1 and an electrolyte. The battery casing comprises a vessel 1 2 of a synthetic resin 
30 and a lid 1 3 of the same synthetic resin material as that of the vessel 1 2 which is thermally welded to the upper opening 
of the vessel 12. The lid 13 has a positive terminal 14 and a negative terminal 15 fixed thereto made of nickel-plated 
iron, and a safety vent 16. The negative terminal 15 has a displaced portion at the lower end thereof (not shown) con- 
nected by welding to lead members 17 of the negative electrode plates. The upper portion of the negative terminal 15 
is mounted on the lid 13 in both liquid- and gas-tight fashion. The lower end of the positive electrode terminal 14 is con- 
35 nected to lead members of the positive electrode plates (not shown). 

The vessel 12 includes wide side walls 18 located in the stacking direction of the cells, narrow side walls 19 and a 
bottom wail. A plurality of ribs 20 for placing the cells in butted relation with each other are arranged longitudinally in 
parallel to each other in a spaced relationship on the outer surface of the side wall 18. On the other hand, two recesses 
21 for positioning the binding members which will be described later are arranged on the outer surface of the side wall 
40 1 9. The end ribs have a protrusion 22 and a recess 23 in reversed positions for positioning the ribs in butted relation. 

The lid 13 has a plurality of ribs 24 similar to the ribs 20 of the vessel 12 on the outer surface of the wider side wall. 

The welded portion between the lid 1 3 and the vessel 1 2 is designated by numeral 25 and the portion of the welding J 
margin externally protruded by welding is removed by grinding. 

The narrower side wall 19 of the vessel 12 is thicker than the side wall 18 and continuously formed with the rib 26 
45 on the outer side of the rib 20. The lid 1 3 has a similar configuration to this. 

FIG.2 shows a module battery 27 having five of the above-mentioned cells 10 electrically connected in series. Adja- 
cent cells have the ribs 20 and 26 of the vessel 1 2 butted with each other, and the protrusion 22 formed on the rib 20 
of one of the cells is fitted in the recess 23 of the rib 20 of the other cell for securing relative positions. Further, the pos- 
itive and negative terminals 14 and 15 of adjacent cells are connected by means of connecting conductors 28. 
so The stacked assembly of the five cells connected in series in this manner has aluminum end plates 29, 29 kept in 
contact with the ends thereof. These plates are coupled by four prismatic binding members 30 thereby to tightly bind 
the cells with each other not to be separated by increased battery internal pressure or expansion of the electrodes. 
Each of the end plates 29, 29 has reinforcing ribs 31 . The dimension of the end plate 29 and the binding member 30 is 
determined taking account of the expansion force of the electrode group, the number of stacked cells and the battery 
55 internal pressure. In the embodiments described below, the thickness of the end plate 29 including the height of the ribs 
is 10 mm, and the cross section of the binding members has a shape of a 8 x 8 mm prism. 

In the module battery configured as mentioned above, spaces 32 are formed between the ribs 20 and 26. Spaces 
33 corresponding to the height of the ribs 20 are formed also between the end cell and the end plate 29. 

In the above-mentioned cases, instead of the prismatic structure, cylindrical or band-like structure may be used 
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alternatively for the binding member. 

Also, the ribs 20 which are continuously formed along the longitudinal direction of the battery casing may alterna- 
tively be divided into several sections. The advantage of the continuous structure, however, is a fixed direction of air flow 
for an improved heat dissipation. 

5 

EXAMPLE 1 

An electrode mixture containing nickel hydroxide powder as a main component was filled in a foamed nickel porous 
substrate. This substrate was then pressed by a pressure roller and cut to a predetermined size, thereby to prepare a 
w nickel positive electrode plate having a capacity of 10 Ah per plate. Also, a powder of hydrogen storage alloy whose 
composition was represented by the formula MmNi 3 eCoo.yMno 4 AI 0 .4 (Mm: misch metal) was applied to a punched or 
perforated metal sheet together with a binder, pressed by a pressure roller and cut to a predetermined size, thereby to 
prepare a hydrogen storage alloy negative electrode having a capacity of 13 Ah per plate. 

Each of these positive and negative electrode plates was wrapped in a bag-shaped separator. Ten positive elec- 
is trode plates and 1 1 negative electrode plates were alternately piled to configure an electrode group Theoretical capac- 
ity ratio of the negative electrode plate to the positive electrode plate was 1.43. In this case, the electrode group 1 1 was 
configured to have a thickness, equal to about 95% of the inner size of the vessel 12. The positive and negative elec- 
trode plates of the electrode group 1 1 were connected to respective terminals with lead members and inserted into the 
vessel made of polypropylene as described above. Then, 180 cm 3 of an alkaline electrolyte composed of two compo- 
se nents of potassium hydroxide and lithium hydroxide and adjusted to a density of 1 .3 g/cm 3 was injected therein to form 
a cell described above. In this case, the amount of the electrolyte per 1 Ah of the theoretical capacity of the positive 
electrode was 1 .8 cm 3 . 

Subsequently, the open end of the vessel 12 was closed and sealed with a lid 13 provided with a safety vent 16 
having an operation pressure of 0.3 MPa to complete a cell 10 described above. 

25 The vessel 12 contained side walls 18 of 2 mm thick, ribs 20 and 26 of 1.5 mm high, the ribs 20 of 5 mm wide 
spaced 12 mm between the ribs, and side walls 19 and a bottom wall of 4 mm thick. Also, the lid 13 was 4 mm in thick- 
ness. In this case, pressure-resistant strength of the battery casing configured with the vessel and the lid thermally 
welded thereto was 0.8 MPa. The pressure-resistant strength of the battery casing was determined by a maximum 
pressure applied immediately before the development of the cracks in the battery casing, based on a test conducted on 

30 a battery casing configured with an empty vessel and a lid, to load a hydraulic pressure through an opening at the cen- 
tral part (which corresponds to the safety vent) of the lid. 

The hydrogen storage alloy employed in this example has a hydrogen equilibrium pressure of 0.05 MPa at an 
atmospheric temperature of 45°C at H/M of 0.5. 

Throughout this description and claims, H/M is used as an index for indicating the amount of the stored hydrogen 

35 in the hydrogen storage alloy; H represents the number of stored hydrogen atoms and M represents the number of 
metal atoms constituting the hydrogen storage alloy. More specifically, when the number of metal atoms M contained in 
one molecule of the alloy represented by the formula MmN^ 6 Coo.7Mn 0 .4A1o.4 is 6.1, and the number of stored hydro- 
gen atoms in one molecule of the hydrogen storage alloy is 3.05, then H/M » 0.5 is derived therefrom. 

The cell of the above-mentioned configuration was charged for 15 hours at a current of 10 A and discharged at a 

40 current of 20 A until the cell voltage decreased to 1 .0 V as an initial charging and discharging operation. As a result the 
electrode groups expanded and came into close contact with the inner faces of the side walls of the vessel 1 2. The dis- 
charge capacity of this cell was restricted by the positive electrode, and this cell had a battery capacity of 100 Ah. 

The hydrogen equilibrium pressure at the time H/M = 0.5 , which is an index for indicating a hydrogen storing capa- 
bility of a hydrogen storage alloy, depends largely upon the amount of lanthanum contained in the misch metal (Mm) in 

45 the hydrogen storage alloy. In order to elucidate the dependency, comparative hydrogen storage alloy samples having 
varying lanthanum contents ranging from 7 wt% to 33 wt% with different hydrogen equilibrium pressures were pre- 
pared. These alloy samples were employed for preparing the negative electrodes having the same weight as described 
above, and the prepared negative electrodes were then used in configuring the cells of the same structure as described 
above. Table 1 below summarizes the lanthanum contents, the results of the measurements on the hydrogen equilib- 

so rium pressure (P) at an atmospheric temperature of 45°C at H/M of 0.5. and the battery internal pressure as well as the 
discharge capacity calculated after charging for 1 5 hours at a current of 1 0 A and discharging at a current of 20 A until 
the cell voltage decreased to 1 .0 V. 
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Table 1 



Cell No. 


La Content (wt%) 


Pressure P (MPa) 


Maximum battery inter- 
nal pressure (MPa) 


Discharge capacity (Ah) 


1 


33 


0.007 


0.60 


90 


2 


25 


0.010 


0.08 


92 


3 


14 


0.050 


0.10 


98 


4 


9 


0.100 


0.15 


95 


5 


7 


0.150 


0.30 


80 



75 

As is obvious from Table 1 . the hydrogen equilibrium pressure (P) of the hydrogen storage alloy, used in the cell 
No.5 at an atmospheric temperature of 45°C at H/M of 0.5, is as high as 0. 1 5 MPa and a proportion of a hydrogen partial 
pressure occupying the battery internal pressure is large accordingly. And, as a result, a hydrogen releasing reaction, 
which is a competitive reaction occurring simultaneous with the usual charging reaction, is likely to occur at the time of 

20 overcharging and thus the maximum battery internal pressure is high. In addition, since the above-mentioned compet- 
itive reaction is likely to occur, the progress of the charging operation is hindered and the utilization of the active material 
is lowered, thereby to decrease the measured cell discharge capacity. 

In contrast to this, the hydrogen equilibrium pressure (P) of the hydrogen storage alloy, used in the cell No.1 at an 
atmospheric temperature of 45°C at H/M of 0.5, is as low as 0.007 MPa and a proportion of a hydrogen partial pressure 

25 in the battery internal pressure is small accordingly. And, as a result, hydrogen gas is absent sufficient for allowing reac- 
tion to return the oxygen gas generated from the positive electrode at the time of overcharging to water, thereby to lower 
the battery internal pressure. Therefore, when the cell is subjected to the overcharging operation, the battery internal 
pressure rapidly rises and thus the maximum battery internal pressure is raised accordingly. 

From the previous findings, it is concluded that it is desirable to configure a cell by employing a hydrogen storage 

30 alloy having the hydrogen equilibrium pressure (P) in a range of from 0.01 MPa to 0.1 MPa at an atmospheric temper- 
ature of 45°C at H/M of 0.5. 

EXAMPLE 2 

35 The cells No. 2, 3 and 4 of Example 1 were subjected to an overcharging test. Each of the cells in a completely 
discharged state was charged continuously at a current of 1 0 A, and the maximum battery internal pressure at that time 
was measured. As a result, rt was found that the maximum battery internal pressure of the cells No.2, 3 and 4 was 0.2 
MPa, 0.3 MPa and 0.8 MPa, respectively. If the operation pressure of the safety vent is set lower than these maximum 
battery internal pressures, the safety vent is allowed to actuate during the terminating period of the charging operation 

40 and the gas generated in the cell by the decomposition of water is released outside. As a result, the amount of the elec- 
trolyte in the cell gradually decreases and the discharge capacity of the cell decreases accordingly, thereby to invite a 
hazard of fire caused by the dry-up of the electrolyte. 

Therefore, it is desirable to set the operation pressure of the safety vent higher than the maximum battery internal 
pressure so as to be actuated only in case of emergency. Specifically, in case of configuring the cell by employing a 

45 hydrogen storage alloy having a hydrogen equilibrium pressure (P) in a range of from 0.01 MPa to 0.1 MPa at an atmos- 
pheric temperature of 45°C when H/M = 0.5 , it is desirable to set the operation pressure of the safety vent in a range 
from 0.2 MPa to 0.8 MPa. 

EXAMPLE 3 

50 

Another series of cells similar to that described above was produced except for the following points. The cells 
employed a negative electrode configured with a hydrogen storage alloy having a hydrogen equilibrium pressure (P) of 
0.05 MPa at an atmospheric temperature of 45°C when H/M = 0.5 , and a power generating unit of a configuration 
which demonstrated a maximum battery internal pressure of 0.3 MPa at the overcharging test in Example 2, as well as 
55 a vessel having a pressure-resistant strength ranging from 0.6 MPa to 2.1 MPa as listed in Table 2 below. These cells 
were subjected to an overcharging test (charging - 10 A, continuous). The results of the observations on the states of 
the battery casings of the cells are summarized in Table 2 below. 
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Table 2 



Cell No. 


Pressure-resistant 
strength of the battery 
casing (MPa) 


Result of the test 


6 


0.6 


Catch fire 


7 


0.7 


No Problem 


8 


2.0 


No Problem 


9 


2.1 


No Problem 



75 

In the cell No.6 configured by employing the battery casing having a pressure resistant strength of 0.6 MPa, the bat- 
tery casing expands with the rise in the battery internal pressure because its pressure-resistant strength is low, and cre- 
ates a space between the electrode group and the vessel. Once such space is created, it becomes difficult to dissipate 
the heat generated inside the cell and the temperature inside the cell rises accorcfingly, thereby to decrease the hydro- 

20 gen storing ability of the hydrogen storage alloy. If the ability decreases, the battery internal pressure increases to actu- 
ate the safety vent, thereby to invite a dry-up of the electrolyte and a decrease in the discharge capacity. 

In the cell No.7 configured with the battery casing having a pressure-resistant strength of 0.7 MPa which is set in 
compliance with the maximum battery internal pressure obtained in the overcharging test in Example 2 and is higher 
than the operation pressure of the safety vent by 0.5 MPa, the battery casing does not expand and any space will not 

25 be created between the electrode group and the vessel. With this configuration, it is possible to effectively dissipate the 
heat generated inside the cell outside the vessel and there is no problem. 

It is found that the pressure-resistant strength of the battery casing is desirably higher than the operation pressure 
of the safety vent by 0.5 MPa or more. 

In the cell No.9 configured with the battery casing having a pressure-resistant strength of 2.1 MPa, the wall thick- 

30 ness of the vessel is designed to be 4 mm in order to increase the pressure-resistant strength of the battery casing. The 
large wall thickness hindered the conduction of the heat generated in the cell, and the temperature inside the cell ele- 
vated accordingly, which resulted in a decrease in the hydrogen storing ability of the hydrogen storage alloy. If the hydro- 
gen storing ability decreases, the battery inner pressure increases to actuate the safety vent, thereby to invite a dry-up 
of the electrolyte and a decrease in the discharge capacity. 

35 As clearly shown in the above discussion, in case of employing a hydrogen storage alloy having a hydrogen equi- 
librium pressure in a range from 0.01 MPa to 0.1 MPa at an atmospheric temperature of 45°C when H/M = 0.5 , it is 
desirable that the pressure-resistant strength of the battery casing is in a range of 0.7 MPa and 2.0 MPa which is higher 
by 0.5 MPa than the operating pressure of the safety vent determined in compliance with the maximum battery internal 
pressure obtained in the overcharging test. In this example, a cell was used as the battery, similar results can be 

40 obtained with a module battery made up of 2 - 10 power generating units by electrically connecting them together. 

EXAMPLE 4 

Another set of cells was prepared in a manner similar to that in Example 1 except for the employments of the power 
45 generating units configured with varying discharge capacity ratios of the negative electrode to the positive electrode. 
These cells were charged for 12 hours at a current of 10 A and then discharged at a current of 20 A until the cell voltage 
decreased to 1.0 V for measuring the discharge capacities, and the energy densities were derived from the following 
equation: 

50 Enerav density = Discnar 9 e capacity x Average voltage during discharging 

9y ^ = Weight of cell 



The energy density indicates the amount of energy which can be retained in the cell and serves as an important 
55 factor in comparing the performance of mobile power supply source, and thus there is an ever-lasting need for increas- 
ing this numerical value. In addition to this, these cells were subjected to a cycle life test conducted under similar charg- 
ing and discharging conditions. The "cycle Irfe" used here is defined as the number of the charging and discharging 
cycles until the discharge capacity of a cell or a module battery decreases to 80% of its initial value. Table 3 below sum- 
marizes the results of these measurements. 
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Table 3 



Cell No. 


Discharge capacity ratio 
(Negative electrode/Pos- 
itive electrode) 


Energy density (Wh/kg) 


Cycle lite (cycle) 


10 


1.1 




oou 


11 


1.2 


74.8 


850 


12 


1.4 


70.6 


900 


13 


1.6 


66.5 


1000 


14 


1.8 


63.0 


1050 


15 


2.0 


60.1 


1100 


16 


2.1 


54.0 


1150 



20 As is obvious from Table 3, the smaller the discharge capacity ratio is, the larger the energy density becomes. This 
may be because rf the discharge capacity ratio is made small, the discharge capacity of the negative electrode is also 
made small and the weight occupied by the negative electrode plate decreases accordingly, as a result of which the cell 
becomes lighter and the energy per weight which can be stored in the cell increases. 

The energy density of the cell No. 16 with a discharge capacity ratio of 2.1 remarkably decreased. The reason for 

25 this is that in addition to decreased energy density due to the increase in the weight of the negative electrode, the total 
thickness of the cell increases, because of the thickened negative electrode plate, and as a result, the heat generated 
in the cell is hard to dissipate and accumulates inside the celt, thereby to lower the charging efficiency. It is therefore 
desirable to select the discharge capacity ratio of 2.0 or smaller. 

It is also found that the larger the discharge capacity ratio is, the longer the cycle life becomes. The reason for this 

30 is that the discharge capacity of the negative electrode gradually decreases with the progress of the repeated charging 
and discharging cycles, because the hydrogen storage alloy contained in the negative electrode deteriorates by possi- 
ble oxidation or solubilization during the repeated charging and discharging cycles. 

If the discharge capacity ratio is 1 .2 or larger, the hydrogen storage alloy excessively contained in the negative elec- 
trode can absorb the oxygen gas generated during the overcharging process. In contrast to this, in the cell No. 10 with 

35 a discharge capacity ratio of 1.1. the hydrogen storage alloy contained in the negative electrode can not sufficiently 
absorb the oxygen gas generated during the overcharging process and the battery internal pressure rises. If the battery 
internal pressure increases to 0.3 MPa or higher, the safety vent actuates to release the gas confined in the cell, thereby 
to invite a decrease in the electrolyte in the cell. The repetition of this phenomenon at every cycle causes a dry-up of 
the electrolyte and deteriorates the service life. If such charging and discharging cycles are further repeated, a cause 

40 for catching a fire is created. 

Based on the above findings, it is desirable to select the theoretical discharge capacity ratio of the negative elec- 
trode to the positive electrode from 1 .2 to 2.0. In this example, a cell was used for the experiment, similar results can 
be obtained with a module battery made up of 2 or more cells by electrically connecting them together. 

45 EXAMPLE 5 

Another series of the cells similar to that of the sealed nickel-metal hydride storage battery in accordance with 
Example 1 of the present invention was prepared by changing the amount of the electrolyte. The utilizations of the pos- 
itive electrodes were compared by charging these cells for 1 2 hours at a current of 10 A and discharging at a current of 
so 20 A until the cell voltage decreased to 1 .0 V, and the discharge capacities of the cells were measured at that time. In 
addition to this, these celts were subjected to cycle life tests conducted by repeating the charging and discharging under 
similar conditions. Table 4 below summarizes the results of these measurements. 



55 
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Table 4 



Cell No. 


Amount of electrolyte 
(cc) 


Discharge capacity (Ah) 


Cycle life (cycle) 


17 


120 


88 


430 


18 


130 


90 


700 


19 


200 


97 


900 


20 


280 


94 


850 


21 


290 


92 


600 



15 

As is obvious from Table 4, the cell No. 17 with an electrolyte amount of 120 cc. which is insufficient for the nickel 
positive electrode, has a low utilization and a short cycle life. By contrast, the cell No. 21 whose electrolyte amount is 
290 cc has a preferable utilization as high as 92% but has a shorter cycle life than that of the cell containing 280 cc elec- 
trolyte. The reason for this shorter cycle life is due to a large amount of the electrolyte. This leads to a lowering of the 

20 efficiency in the reaction at the negative electrode to absorb the oxygen gas generated from the positive electrode dur- 
ing the overcharging process and further to an inadvertent leakage of the gas or the electrolyte through the safety vent, 
if the cell is charged at a current of 10 A. Since the theoretical discharge capacity of the cells No. 18, 19 and 20 is 100 
Ah, the amount of the electrolyte per 1 Ah is 1 .3. 2.0 and 2.8 cc, respectively. 

Based on the above-mentioned findings, it is concluded that the amount of the electrolyte is desirably in a range 

25 from 1 .0 to 2.8 cc/Ah. In this example, a cell was used for the experiment similar results can be obtained with a module 
battery made up of 2 or more individual cells by electrically connecting them together. 

EXAMPLE 6 

30 Another series of the cells similar to that of the sealed nickel-metal hydride storage battery in accordance with 
Example 1 of the present invention was prepared by changing the density of the electrolyte. The utilizations of the pos- 
itive electrodes were compared at the time of charging these cells for 1 2 hours at a current of 1 0 A and discharging at 
a current of 20 A until the cell voltage decreased to 1 .0 V. In addition to this, these cells were subjected to cycle life tests 
by charging and discharging under similar conditions. Table 5 below also summarizes the results of these measure- 
rs ments. 



Table 5 



Cell No. 


Density of electrolyte 
<9/cc) 


Discharge capacity (Ah) 


Cycle life (cycle) 


22 


1.15 


80 


230 


23 


1.20 


92 


700 


24 


1.30 


98 


900 


25 


1.40 


94 


800 


26 


1.45 


85 


450 



As is obvious from Table 5, the cell No. 22 whose electrolyte has a density of 1 .15 g/cm 3 which represents a small 
ion quantity in the electrolyte has a poor conductive property between the electrode plates, and a low utilization as well 
as a short cycle life. By contrast, the cell No. 26 whose electrolyte density is 1 .45 g/cm 3 has a relatively preferable utili- 
zation as high as 85% but has a short cycle life. The reason for this short cycle life is due to a high dissolution of the 
55 hydrogen storage alloy constituting the negative electrode into an aqueous solution of a high alkali concentration which 
reflects the high density of the electrolyte. The discharge capacity of the negative electrode gradually decreases with 
this dissolution. 

Based on the above-mentioned findings, it is concluded that the density of the electrolyte is desirably in a range 
from 1 .20 g/cm 3 to 1 .40 g/cm 3 . In this example, a cell was used for the experiment, a similar result can be obtained with 



9 



EP 0 776 057 A1 



a module battery made up of 2 or more cells by electrically connecting them together. 
EXAMPLE 7 

5 Another series of the cells similar to that of the sealed nickel-metal hydride storage battery in accordance with 

Example 1 of the present invention was prepared by changing the bending elastic modulus of the resin material for the 
casing. The measurement of the bending elastic modulus is performed in accordance with ASTN, D-790 and the resin 
materials each having a bending elastic modulus of 1 0,0000 kg/cm 2 . 1 4,000 kg/cm 2 , 28,000 kg/cm 2 and 32,000 kg/cm 2 
were employed respectively as listed in Table 6 below. These cells were charged for 12 hours at a current of 10 A and 

70 discharged at a current of 20 A until the cell voltage decreased to 1 .0 V, and compared for the utilization of the positive 
electrode. At the same time, these cells were subjected to cycle life tests performed under similar charging and dis- 
charging conditions. Table 6 below also summarizes the results of these measurements. 



Table 6 



Cell No. 


Bending elastic modulus 
of the casing material 
(kg/cm 2 ) 


Discharge capacity (Ah) 


Cycle life (cycle) 


27 


10.000 


88 


350 


28 


14,000 


98 


900 


29 


28.000 


98 


900 


30 


32,000 


98 


180 



As is obvious from Table 6, in the cell No. 27, whose casing made of low density polyethylene has a bending elastic 
modulus of 10.000 kg/cm 2 , the rigidity of the casing against the battery internal pressure is small, which causes a defor- 

30 mation of the battery casing. The deformation produced a heat insulating layer of air between the electrode plate and 
the casing, and made it difficult to transmit the heat generated in the power generating unit outside the casing, whereby 
the heat was accumulated inside the cell and the charging efficiency decreased. As a consequence, the utilization fell 
to 88% and the cycle life was shortened. As for the cell No.30 made of an ABS resin with a bending elastic modulus of 
32.000 kg/cm 2 , on the other hand, the cycle life is as short as 180 cycles. The reason for this may be that a material 

35 having a high bending elastic modulus is generally low in fragility, and the thermally welded portion between the vessel 
and the lid is likely to become fragile, so that the expansion of the electrode plates causes a cracking there and leads 
to the leakage of the electrolyte. 

In consideration of the above-mentioned fact, an appropriate bending elastic modulus is from 14,000 kg/cm 2 to 
28,000 kg/cm 2 . In this example, polypropylene is used as the synthetic resin having a bending elastic modulus of from 

ao 1 4,000 kg/cm 2 to 28,000 kg/cm 2 . It is also possible, however, to use denatured polyphenylene ether, polyarrtide or an 
alloy of one of them with polypropylene alternatively. In this example, a cell was used for the experiment, a similar result 
can be obtained with a module battery made up of 2 or more cells by electrically connecting them together. 

EXAMPLE 8 

A module battery as shown in FIG.2 was configured using 5 cells as in Example 1 and connecting them in series 
together. 

COMPARATIVE EXAMPUE 1 

50 

A module battery was prepared, in which no ribs were formed on the outer surface of the battery casing and 5 cells 
as in Example 1 were fixed at 3 mm intervals between the adjacent cells. 

C OMPARATIVE EXAMP15 2 

55 

A module battery was prepared, using neither end plates nor binding members, with the cells connected to each 
other simply by conductors connecting the terminals thereof. 

The module batteries configured as shown in Example 8, Comparative Examples 1 and 2 were subjected to a dis- 
charge capacity test and a cycle life test The discharge capacity test was conducted at a current of 20 A until the bat- 
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tery voltage decreased to 5 V after the module battery involved was charged for 12 hours at a current of 10 A and 
allowed to stand still for one hour. The discharge capacity of the module battery was calculated with reference to the 
discharge time before the battery voltage has decreased to 5 V. Also, calculations for the respective cells were made 
with reference to the discharge time before the cell voltage decreased to 1 V. At the time of charging, the spaces 
5 between the cells, sides of the module battery and the surfaces of the end plates were exposed to air supplied from 
under the battery by means of a fan. The fan was regulated so that an average velocity of air passing through the 
spaces 32 was 1 .0 m/sec. The environmental temperature was set to 20°C. The test results are summarized in Table 7 
below. 

The cycle life test was conducted by repeating the same conditions as the charging and discharging operation 
io under which the discharge capacity was investigated. The test results are summarized in Table 8 below. 



Table 7 





Example 8 


Comparative Example 1 


Comparative Example 2 


Module battery 


98 Ah 


82 Ah 


77 Ah 


Cell 1 


98 Ah 


84 Ah 


81 Ah 




35°C 


42°C 


50°C 


Cell 2 


98 Ah 


83 Ah 


78 Ah 




35°C 


44°C 


52°C 


Cell 3 


98 Ah 


80 Ah 


76 Ah 




35°C 


48°C 


54°C 


Cell 4 


98 Ah 


82 Ah 


77 Ah 




35°C 


46°C 


53°C 


Cells 


98 Ah 


85 Ah 


80 Ah 




35°C 


44°C 


51°C 



35 

Table 8 





Example 8 


Comparative Example 1 


Comparative Example 2 


Cycle life (cycle) 


More than 900 


350 


320 



40 

As is obvious from Table 7, the module battery according to Example 8 of the present invention has a discharge 
capacity of 98 Ah which is 98% of the discharge capacity of the cell having a discharge capacity of 100 Ah. By contrast, 
the module batteries of the Comparative Examples 1 and 2 have the corresponding figures of 82 Ah and 77 Ah respec- 
45 trvely, which are not more than 75 to 85% of the cell discharge capacity of 1 00 Ah. 

Table 7 also shows the discharge capacity and the temperature of the electrode groups at the end of charging oper- 
ation of the cells 1 to 5 making up the module battery. The number is attached to each cell in the order of stacking. The 
cells 1 and 5 are arranged at the ends and the cell 3 in the center of the module battery. Trie cells 1 through 5 config- 
uring the module battery in accordance with the present invention display a similar discharge capacity and coincide with 
so the characteristics of the module battery. This is because the heat generated by the electrode groups of each cell at the 
time of charging operation is dissipated sufficiently and uniformly by the air flowing upward through the spaces between 
the cells and the cell temperature increase is limited within 15°C above the environmental temperature. 

More specifically, the reason for securing a superior discharge capacity of Example 8 as shown in Table 7 is that 
the temperature in the battery at the time of charging of each cell making up the module battery is constantly at 35°C 
55 and that each cell is charged uniformly and sufficiently under the temperature conditions not deteriorating the charging 
efficiency of the nickel positive electrode of each cell. Also, as shown in Table 8. the ceil in accordance with the present 
invention has a superior cycle life performance even after 900 cycles of charging and discharging operations. 

The module battery in accordance with Comparative Example 1 has cells with a casing having no recesses or pro- 
trusions on the outer surface thereof and has an intercellular space of 3 mm allowing passage of air flow. The casings 
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of adjacent cells, however, are not in contact with each other. As shown in Table 7. the discharge capacity of the module 
battery of Comparative Example 1 is 82 Ah which is smaller than that of the module battery in accordance with the 
present invention. This is because when the casing is deformed by the increase in the battery inner pressure or expan- 
sion of the electrode groups at the time of charging operation, the omission of ribs, which otherwise might be required 
5 to hold the distance between adjacent ceils, causes the intercellular width of the spaces to change with the deformation 
of casing, thereby to make the air flow fluctuate. As a result, even when air is supplied between the cells, heat hardly 
dissipates. Especially, the temperature of the cells located at the center of the module battery rises considerably due to 
the heat of the adjacent cells. Ateo, the discharge capacity of the cells becomes non-uniform and ranges from 80 to 85 
Ah. 

io In addition to this, as shown in Table 8. the capacity of the module battery under consideration declines to only 50% 
of the initial discharge capacity after 350 cycles. This is probably due to the fact that the casing deformation is aggra- 
vated by repetitive charging and discharging operations and the resultant significant decrease in space width reduces 
the heat dissipation effect by ventilation. The battery temperature rises to deteriorate the performance of the negative 
electrode and reduce the discharge capacity. 

75 By contrast, in the module battery in accordance with Comparative Example 2, the end cells are not configured to 
be held toward the center of the cell assembly by the end plate and the binding members. Therefore, at the time of 
charging operation, the casing deformation due to increased battery internal pressure or the expansion of the electrode 
groups cannot be suppressed, resulting in a most significant expansion of the electrode groups. For this reason, the 
contact area between the foamed nickel porous substrate or punched or perforated metal sheet making up the positive 

20 or negative electrode core and the positive or negative active material is reduced and the conductivity of the electrode 
decreases. 

With the decrease in the conductivity of the positive and negative electrode plates, the charging efficiency of the 
cells decreases, thereby to increase the amount of heat generated at the time of charging operation. As shown in Table 
7, the temperature at the end of charging operation of the cells making up the module battery in accordance with Com- 
25 parative Example 2 is 50 to 54°C. which is 15 to 19°C higher than that of the module battery of Example 8. The dis- 
charge capacity is 76 to 81 Ah, which is lower than that of Example 8. 

Also, as seen in Table 8, this module battery shows at highest only 50% of the initial discharge capacity after 320 
cycles. This is considered due to the fact that the repetitive charging and discharging operations expand the electrode 
group and hence reduce the conductivity of the positive and negative electrode plates, as a result of which the charging 
30 efficiency is reduced and the battery temperature rises. The performance of the negative electrode is deteriorated to 
reduce the discharge capacity accordingly. 

According to the above-mentioned cases, the module battery includes 5 cells. Apart from this, 5 to 40 cells are 
appropriate for each module battery in consideration of the battery management, maintenance, replacement or porta- 
bility of a pack battery. 

35 

EXAMPLE 9 

Battery casings with a rib height of 0.5 mm, 1 mm, 2 mm and 3 mm respectively as listed in Table 9 below were pre- 
pared with the outer dimensions thereof fixed. Using these battery casings, a cell and a module battery similar to those 
40 in Example 7 were prepared. The batteries were compared for the discharge capacity by charging the module battery 
involved for 12 hours at a cunent of 10 A and discharging at a current of 20 A until the battery voltage decreased to 5 
V. Ateo. the cycle life tests were conducted on these module batteries by repeating similar charging and discharging 
operations. The results of the discharge capacity test and the cycle life test are also summarized in Table 9. 

45 

Table 9 



Battery No. 


Rib height (mm) 


Discharge capacity (Ah) 


Cycle life (cycle) 


31 


0.5 


88 


310 


32 


1 


98 


900 


33 


2 


98 


900 


34 


3 


90 


720 



55 

As is obvious from Table 9, the battery No.31 having a battery casing with a rib height of 0.5 mm has a low dis- 
charge capacity of 88 Ah and a short cycle life. This is because the space area width for allowing air passage formed 
by butted ribs between the cells is so narrow that the available air flow velocity in the space portion is only about 0 to 
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0.1 m/sec at the start of charging due to pressure loss, and that the heat transmitted to the casing surface fails to dis- 
sipate, thereby to increase the temperature at the end of charging of the cell. To increase the fan capacity as a means 
for increasing the air flow velocity in the space portion is not desirable as this would increase the power consumption of 
the fan. When the rib height was increased to 3 mm as in the battery No. 34, it was confirmed that the discharge capacity 
5 and the cycle life are deteriorated. The reason for this is that increased space area allowing air passage reduces the air 
flow velocity in the space, and the flow changes to a laminar flow, which reduces the heat dissipation efficiency at the 
same time. Also, since the outer dimensions of the battery casing remain the same, the resultant reduction in the space 
for the electrode group is undesirable in view of the volume energy density. These facts indicate that an appropriate rib 
height is from 1 mm to 2 mm. 

70 

EXAMPLE 10 

Battery casings were prepared in a manner similar to that in Example 8 except that the rib intervals were set 5 mm, 
10 mm, 15 mm or 20 mm as listed in Table 10 below. A cell and a module battery were prepared with the above-men- 
75 tioned battery casings. The results of the cycle life test and the discharge capacity test conducted under the same con- 
ditions as in Example 8 are also summarized in Table 10. 



Table 10 



Battery No. 


Rib interval (mm) 


Discharge capacity (Ah) 


Cycle life (cycle) 


35 


5 


85 


380 


36 


10 


98 


900 


37 


15 


98 


900 


38 


20 


88 


410 



30 As is obvious from Table 10, the ribs spaced 5 mm of the battery No.35 occupy so large a proportion of the casing 
surface area that the resultant reduced area allowing air flow makes it difficult to dissipate the heat generated in the 
electrode group. The discharge capacity decreases to 85 Ah, thereby to reduce the cycle life. In the battery No. 38 hav- 
ing a rib interval of 20 mm, the interval between the casings due to butted ribs is large as compared with the battery 
internal pressure, and therefore the casing is deformed by the heat insulating layer of air formed between the electrode 

35 group and the casing. Also, the reduced space area allowing air passage between the cells makes it difficult to dissipate 
the heat generated in the electrode group. The discharge capacity thus decreases to 88 Ah, thereby to shorten the 
cycle life. In view of this, the interval between the protruded ribs is desirably from 10 mm to 15 mm. 

EXAMPLE 11 

40 

Battery casings were prepared in a manner similar to that in Example 8 except that the rib widths were set 1 mm. 
3 mm, 10 mm or 15 mm as listed in Table 1 1 below. A cell and a module battery were prepared with the above-men- 
tioned battery casings. The results of the cycle life test and the discharge capacity test conducted under the same con- 
ditions as in Example 8 are also summarized in Table 1 1 . 

45 



Table 11 



Battery No. 


Rib width (mm) 


Discharge capacity (Ah) 


Cycle life (cycle) 


39 


1 


98 


350 


40 


3 


98 


900 


41 


10 


98 


900 


42 


15 


85 


380 



As is obvious from Table 1 1 , the 15 mm-wide ribs of the battery No.42 occupy so large a proportion of the area of 
the casing surface that the resultant reduced area allowing air flow makes it difficult to dissipate the heat generated in 
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the electrode group. The discharge capacity thus decreases to 85 Ah, thereby to reduce the cycle life. With the battery 
No. 39 having a rib width of 1 mm, on the other hand, the discharge capacity begins to fall sharply after 1 20 cycles, and 
the discharge capacity after 350 cycles is only 50% of the initial value. This is due to the fact that the butted portions of 
the ribs are broken by the expansion of the electrode group and the resultant displacement leads to an abrupt expan- 
sion of the battery casing by the battery internal pressure, which has been counterbalanced by the supporting role of 
the ribs, and creates a space between the electrode group and the battery casing. The created space makes it difficult 
to dissipate the heat generated in the electrode group, and thus the heat is accumulated inside the battery, thereby to 
decrease the charging efficiency extremely. 

This fact shows that the desirable width of the protruded ribs is from 3 mm to 1 0 mm. 

EXAMP15 12 

Battery casings were prepared in a manner similar to that in Example 8 except that the wall thickness of the battery 
casing (side wall 18) not including the rib height was set 0.5 mm, 1 mm, 3 mm or 5 mm as listed in Table 12 below, and 
75 a cell and a module battery were prepared with the above-mentioned battery casings of such wall thicknesses. The 
results of the cycle life test and the discharge capacity test conducted under the same conditions as in Example 8 are 
also summarized in Table 12. 



Table 12 



Battery No. 


Thickness of side wall 1 8 
of casing (mm) 


Discharge capacity (Ah) 


Cycle life (cycle) 


43 


0.5 


85 


380 


44 


1 


98 


900 


45 


3 


98 


900 


46 


5 


88 


400 



30 

As is obvious from Table 12, the battery No.43 has a wall thickness of the battery casing of 0.5 mm. Due to this 
small thickness against the battery inner pressure, the battery casing is deformed, a heat insulating layer of air is 
formed between the electrode group and the casing, and the air space area allowing the air to pass through the space 
35 between the cells is reduced in width. Consequently, the heat generated in the electrode group is difficult to dissipate, 
so that the discharge capacity faJIs to 85 Ah and the cycle life is shortened. With regard to the battery No. 46 having a 
casing wall thickness of 5 mm, on the other hand, the large casing wall thickness makes it difficult to dissipate the heat 
generated in the electrode group and the discharge capacity falls to 88 Ah, thereby to reduce the cycle life. 

All of these facts indicate that the casing wall thickness of from 1 mm to 3 mm is preferable. 

40 

EXAMPLE 13 

Battery casings were prepared in a manner similar to that in Example 8 except that the thickness of the narrow side 
. wall 19 of the battery casing different from the direction of stacking was set 1 mm, 3 mm, 5 mm or 7 mm as listed in 
45 Table 1 3 below, and a cell and a module battery were prepared with the above-mentioned battery casings of such wall 
thicknesses. The results of the cycle life test and the discharge capacity test conducted under the same conditions as 
in Example 8 are also summarized in Table 13. 



Table 13 



Battery No. 


Thickness of side wall 1 9 
of the casing (mm) 


Discharge capacity (Ah) 


Cycle life (cycle) 


47 


1 


98 


110 


48 


3 


98 


900 


49 


5 


98 


900 


50 


7 


94 


620 
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As is obvious from Table 13. the battery No.47 having a narrow side wall thickness of the battery casing of 1 .0 mm 
has a short cycle life of 1 10 cycles. This is because the strength of the side wall of the casing is insufficient to accom- 
modate the rise in the battery internal pressure and a cracking occurs at a stress-concentrated portion around 100 

5 cycles, leading to the leakage of the electrolyte. This is also the case with the thickness of the bottom of the casing and 
the lid. With the battery No.50 having a side wall thickness of the casing of 7.0 mm, however, the discharge capacity 
falls with the decrease in heat dissipation from the side walls of the casing, thereby to shorten the cycle life thereof. 
From the viewpoint of volumetric energy density, the thickness of the side wall and bottom of the casing is desirably from 
3 mm to 5 mm. Further, the casing bottom is preferably formed with reinforcing protrusions or recesses. 

io It is understood that various other modifications will be apparent to and can readily be made by those skilled in the 
art without departing from the scope and spirit of this invention. Accordingly, it is not intended that the claims be con- 
strued as encompassing all the features of patentable novelty that reside in the present invention, including all features 
that would be treated as equivalents thereof by those skilled in the art to which this invention pertains. 

is Claims 

1 . A celt for sealed nickel-metal hydride storage battery comprising: 

a vessel made of a synthetic resin which accommodates a power-generating unit including; 
a negative electrode composed mainly of hydrogen storage alloy, 
a positive electrode composed mainly of a nickel oxide, 
a separator placed between both electrodes, and 
an alkaline electrolyte; 

a lid for sealing an open end of said vessel, and 
a resettable safety vent provided on said ltd; wherein, 

a hydrogen equilibrium pressure of said hydrogen storage alloy is 0.01 - 0.1 MPa at 45°C, when the atomic 
ratio of the absorbed hydrogen to the alloy H/M is 0.5, 
an operation pressure of said safety vent is 0.2 - 0.8 MPa, and 

a pressure-resistant strength of the casing configured with said vessel and iid is in a range of 0.7 - 2.0 MPa and 
set higher than the operation pressure of the safety vent by 0.5 MPa or more. 

2. A module battery having a plurality of cells for sealed nickel-metal hydride storage battery comprising: 

a vessel having a plurality of cells made of a synthetic resin which accommodates a power-generating unit 
including; 

a negative electrode composed mainly of hydrogen, storage alloy, 
a positive electrode composed mainly of a nickel oxide, 
a separator placed between the both electrodes, and 
an alkaline electrolyte; 

a plurality of lids each for sealing respective open ends of said cells in said vessel, and 
a plurality of resettable safety vents provided on the respective lids; wherein. 

a hydrogen equilibrium pressure of said hydrogen storage alloy is 0.01 - 0.1 MPa at 45°C. when the atomic 
ratio H/M of the absorbed hydrogen to the alloy is 0.5. 
an operation pressure of said safety valve is 0.2 - 0.8 MPa, and 

a pressure-resistant strength of the battery casing configured with said vessel and lid is in a range of 0.7 - 2.0 
MPa and set higher than the operation pressure of the safety vent by 0.5 MPa or more. 

3. The module battery in accordance with claim 2, wherein a theoretical discharge capacity ratio of the negative elec- 
trode to the positive electrode is from 1 .2 to 2.0. 

50 

4. The module battery in accordance with claim 2, wherein an amount of the electrolyte is from 1 .3 cm 3 to 2.8 cm 3 per 
1 Ah of the theoretical discharge capacity of the positive electrode. 

5. The module battery in accordance with claim 2, wherein the electrolyte is made up of two components of potassium 
55 hydroxide and lithium hydroxide, or three components of sodium hydroxide and said two components, and its den- 
sity is from 1 .2 g/cm 3 to 1 .4 g/cm 3 . 

6. The module battery in accordance with claim 2, wherein the vessel and the lid are made of a synthetic resin having 
a bending elastic modulus of from 14,000 kg/cm 2 to 28,000 kg/cm 2 . 



25 
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7. The module battery in accordance with claim 2, wherein a thickness of the side walls of said vessel is from 1 mm 
to 3 mm, a rib height of said ribs is from 1 mm to 2 mm, an interval between said ribs is from 10 mm to 15 mm, and 
a rib width of said ribs is from 3 to 10 mm. 

5 8. A module battery for a sealed nickel-metal hydride storage battery comprising 5 - 40 of the cells in accordance with 
claim 1 stacked in one direction forming a stacked assembly; wherein said cells are bound in a direction of stacking 
of cells by binding members connecting end plates to each other provided on both ends in a stacked assembly, and 
spaces for allowing air flow between said cells are formed by a plurality of parallel ribs formed in butted relation with 
each other on the outer surfaces of the side wall of said battery casing in the direction of stacking. 

w 

9. The module battery in accordance with claim 8, wherein a theoretical discharge capacity ratio of the negative elec- 
trode to the positive electrode is from 1 .2 to 2.0. 

1 0. The module battery in accordance with claim 8, wherein an amount of the electrolyte is from 1 .3 cm 3 to 2.8 cm 3 per 
75 1 Ah of the theoretical discharge capacity of the positive electrode. 

1 1 . The module battery in accordance with claim 8, wherein the electrolyte is made up of two components of potassium 
hydroxide and lithium hydroxide, or three components of sodium hydroxide and said two components, and its den- 
sity is from 1 .2 g/cm 3 to 1 .4 g/cm 3 . 

20 

12. The module battery in accordance with claim 8, wherein the vessel and the lid are made of a synthetic resin having 
a bending elastic modulus of from 14,000 kg/cm 2 to 28,000 kg/cm 2 . 

13. The module battery in accordance with claim 8, wherein a thickness of the side walls of said vessel is from 1 mm 
25 to 3 mm, a rib height of said ribs is from 1 mm to 2 mm, an interval between said ribs is from 10 mm to 1 5 mm, and 

a rib width of said ribs is from 3 to 1 0 mm. 



30 
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